that were on par with the treatment T 7 for dry matter and nutrient status in palmarosa.
INTRODUCTION
Palmarosa (C. martini Stapf var. motia), an aromatic perennial grass, also referred as East Indian geranium or Russa grass is native of subtropical India, known for its essential oil for a long time. Palmarosa oil has been distilled commercially for more than 100 years in India. Oil has many industrial applications viz., perfumes, cosmetics, bath products, medicinal, household purposes and flavouring tobacco. The use of oil is reputed in aromatherapy. It is a colourless to pale yellow volatile oil possessing a sweet scented rose like aroma with high content of compounds called geraniol (70.1-85.3%) and geranyl acetate (4.3-14.8%). The oil is extracted from inflorescence (2%), leaf lamina (1.4%), whole herb (0.75%) and leaf sheath (0.33%) (Rajeswara Rao et al., 2009 ).
Plant nutrition is one of the important factors that control growth and development. Plant nutrition through organic farming is gaining momentum especially in the cultivation of medicinal and aromatic plants for quality of produce that gets premium price. In addition to premium price, application of nutrients through organic sources like vermin compost and fly ash will be cost effective in palmarosa production. Integrated use of fly ash, organic and inorganic fertilizers saved N, P, and K fertilizers to the range of 45.8, 33.5 and 69.9%, respectively and gave higher fertilizer use efficiency than chemical fertilizers alone or combined use of organic and chemical fertilizers in a ricegroundnut cropping system (Mittra et al, 2003) .
Fly ash is a by-product of pulverized coal fired thermal power stations and the disposal of fly ash is a serious issue. It has been proved that fly ash can be advantageously used as a source of essential plant nutrients that promotes plant growth in aromatic grasses. It provides essential plant micro-nutrients like Fe, Mn, Zn, Cu, Co, B, Mo and macro-nutrients like P, K, Ca, Mg and S beneficial for plant growth and increases the yield in various crops by 20-25% with high nutrition value. Amendments of fly ash with nutrient rich vermicompost may improve the soil condition and availability of nutrients thereby enhancing crop production. Significantly superior yield parameters of wheat were found on application of recommended dose of NPK + FYM 10t/ha and the treatment was at par with NPK + Vermicompost + fly ash combination for the characters studied (Yavarzadeh and Shamsadini, 2012).
The experiment is an attempt to promote cultivation of aromatic plants using low cost inputs like fly ash and vermicompost and to reduce the use of chemical fertilizers. Considering the importance of the crop and facts of fly ash and vermicompost, the present experiment was conducted to exploit the effect of fly ash and vermicompost on herb yield, essential oil content and composition in palmarosa.
MATERIALS AND METHODS
The field experiment was carried out at Central Institute of Medicinal and Aromatic Plants, Regional Centre, Before treatment imposition the available N, P and K in soil were 297.00 kg/ha, 22.6 kg/ha and 219.28 kg/ha, respectively. Treatments were imposed on standing crop after a harvest. The first irrigation was given immediately after treatment imposition and the subsequent irrigations were given as and when required depending upon soil and weather conditions. Weeding was done as and when required. The harvest was taken after 90 days, when the crop was in full bloom. Five plants were selected at random from each replication and a total of fifteen plants per treatment and tagged for recording observations. The data on dry matter % were recorded at monthly intervals, while the data on soil available N, P and K and plant N, P and K content were recorded at each harvest i.e at 90 days and 180 days, respectively. The data was statistically analyzed by method of analysis of variance using Randomized Block Design (RBD) as described by Panse and Sukhatme (1985) .
Dry Matter (%)
Two hundred grams of fresh herb is taken and dried in hot air oven at 70 0 C till constant weight is obtained. The weight of the dry herb was divided by the weight of the fresh herb and multiplied by 100 to get dry matter percentage. 
N, P, K of Plant (%)
The plant samples were collected, decontaminated, dried and analyzed after each harvest at CIMAP laboratory, Boduppal, Hyderabad.
The procedures adopted for the analysis of nutrients are briefly outlined below.
Digestion of Plant Samples
Half gram of oven dried and powdered leaf sample was taken in 50 ml conical flasks for digestion using diacid (9:4; Nitric acid: Perchloric acid). 10 ml of the diacid mixture was added and was allowed overnight for pre-digestion and then heated at 100° c for an hour and 250°c until colorless clear solution obtained. It was cooled and the volume was made up to 100 ml with distilled water. The same was used for estimation of P and K.
For nitrogen estimation, 0.5 g plant sample was digested using 2 g digestion mixture consisting of copper sulphate, potassium sulphate in 5:1 ratio and 10 ml of sulphuric acid on the digestion unit at 450ºC till the light green color appears.
Estimation of Nitrogen
Nitrogen was determined by Kjeldhal's method. Half gram digested plant sample was distilled using microKjeldhal unit and the liberated ammonia was trapped in boric acid containing mixed indicator and titrated against 0.01 N H 2 SO 4 . The nitrogen content in the leaves was expressed in per cent.
Estimation of Phosphorus
Diacid digested plant sample was used for the determination of total phosphorus by developing vanadomolybdo phosphoric yellow colour. The intensity of yellow colour was read in spectrometer (Systronics UV-VIS Spectrophotometer 118) at 470 nm. The phosphorus content in the leaves was expressed in per cent.
Estimation of Potassium
Potassium content was determined by a microprocessor based flame photometer using specific filter and LPG flame. Diluted diacid digest was fed to atomizer through capillary tube and concentration was directly read on the display monitor. Per cent potassium content on dry weight basis was calculated. The potassium content in the leaves was expressed in per cent.
N, P, K of Soil (Kg/ha)
The collected soil samples were processed (dried, grinded and sieved) before they were analyzed before treatment imposition and after each harvest. The work was carried out at CIMAP laboratory, Boduppal, Hyderabad.
Estimation of Nitrogen
Available N was estimated by alkaline permanganate method. The available N in soil was expressed in kg/ha.
Estimation of Phosphorous
The available P is extracted using Olsen's extract ant which is added to two grams of soil. To the extract, a drop of p-nitro phenol and reagent B (reagent A [12 g/200 ml of ammonium molybdate + 0.2908 g/100 ml of antimony potassium tartarate + 1000 ml of 2.5 M H 2 SO 4 and made up to 2 litres] + 1.056 g/100 ml ascorbic acid) were added.
According to the intensity of the colour of the contents the absorbance value was recorded using spectrophotometer and incorporated into the standard graph which gave the concentration of P. The available P in soil was expressed in kg/ha.
Estimation of Potassium
The available soil K is estimated by flame photometry. The available K in soil was expressed in kg/ha.
RESULTS AND DISCUSSION

Dry Matter of Palmarosa as Influenced by Fly Ash and Vermicompost
The dry matter of palmarosa for the treatments has differed significantly due to the application of fly ash and yield are more in the crop raised during October-December when compared to January-March. This is due to the fact that the plant growth was favored by the moderate temperature throughout the crop period October-December.
Nutrient Status of Palmarosa as Influenced by Fly Ash and Vermicompost
Similarly the nitrogen, phosphorous and potassium content of plant was significantly influenced by the treatments and the data are presented in the table-2. The treatment T 7 (FA 6 t/ha + VC 4 t/ha) has recorded significant maximum plant nitrogen (2.14% and 2.03%), phosphorous (0.32% and 0.30%) and potassium content (4.23% and 3.79%) at harvest-I and harvest-II, respectively. Maximum plant N, P and K contents as recorded with the treatment T 7 (FA 6 t/ha + VC 4 t/ha) might be due to the combined application of nutrient rich fly ash and vermicompost to the soil that increased the uptake and resulted in maximum plant N, P and K content. Highest content of nutrients were recorded in green gram with increasing levels of fly ash up to 10 t /ha (Bhaisare et al., 2000) . P and K content of sudan grass and oats increased with graded levels of fly ash incorporation in soil up to 100 g/Kg. The phosphorous and potassium content in pod and haulm was increased with the application of 30 t/ha of fly ash in groundnut (Dange and Nalge, 2010). The application of vermicompost up to 4 t/ha significantly increased total uptake of N, P and K in fenugreek (Verma et al., 2014). However, the treatment T 6 , T 8 , T 9 , T 10 and T 11 were on par with the treatment T 7 for dry matter, plant N, P and K content at both the harvests. The dry matter, plant N, P and K increased with increase in the fly ash doses up to 6 t/ha of fly ash level. Beyond this level though the treatments showed maximum dry matter, plant N, P and K content and there was no significant difference up to 10 t/ha of fly ash application. The vermicompost had significant improvement in dry matter, plant N, P and K content up to 5 t/ha beyond which it had no significant improvement as the nitrogen supplied through vermicompost reaches a level of luxury consumption. This may also be due to the lower doses of fly ash.
Nutrient Status of Soil as Influenced by Fly Ash and Vermicompost
The N, P and K status of soil was influenced after the application of fly ash and vermicompost. The treatments showed significant differences for N, P and K of soil due to different levels of fly ash and vermicompost and the data are Influenced by Fly Ash and Vermicompost www.tjprc.org editor@tjprc.org presented in Table- 
CONCLUSIONS
The treatment T 7 with 6 t/ha of fly ash and 4 t/ha of vermicompost has resulted in significantly higher dry matter , N, P and K content of plant implying good plant growth with high herb yield and essential oil yield. Treatment T 7 (FA 6 t/ha + VC 4 t/ha) when compared with T 11 (FA 10 t/ha + VC 0 t/ha), T 11 (FA 10 t/ha + VC 0 t/ha) is cost effective as it has no vermicompost. But, fly ash alone at higher levels may affect soil health in a short period of 2-3 years. Therefore, T 7 (FA 6 t/ha + VC 4 t/ha) with low levels of fly ash in combination with vermicompost is recommended in case of palmarosa, which is a perennial crop cultivated for 4-5 years. The treatment T 12 (RDF) recorded significantly lower values while the treatment T 13 (Zero fertilizer) recorded least values for dry matter, plant N, P and K content available soil N, P and K at harvests-I and II.
Keeping in view the importance of organically produced oil of palmarosa and the premium price it is being offered in the international trade, cultivation of palmarosa with cheap organic sources like fly ash may be recommended. 
